IMPORTANCE While stroke mortality rates have decreased substantially in the past 2 decades, this trend has been primarily limited to older adults. Increasing trends in stroke incidence and hospitalizations have been noted among younger adults, but there has been concern that this reflected improved diagnosis through an increased use of imaging rather than representing a real increase.
S troke was the third leading cause of death in the United States from 1938 to 2007, and dropped to the fifth leading cause of death in 2013. 1 Yet, the relative rate of decline in mortality among those aged 65 years and older is approximately double the rate of decline among those aged 45 to 64 years. 1 The overall decline in stroke mortality over the past 50 years reflects the improved control of hypertension through efforts such as the National Heart, Lung, and Blood Institute's Joint National Commission guidelines on hypertension control, as well as increased treatment of atrial fibrillation with anticoagulants, increased use of aspirin for secondary prevention, improvements in stroke care through structured quality improvement programs, and the development of stroke systems of care that promote the use of evidence-based care. 2 Against this backdrop of overall declining stroke mortality rates is suggestive evidence that acute stroke incidence rates among younger adults are increasing. 3 In 2011, we reported that acute stroke hospitalization rates were increasing among young adults aged 15 to 44 years. 4 Studies since then suggest that this increase is likely not due to increased use of imaging. 3, 5 Additionally, while rates of some traditional stroke risk factors have declined over the past decade in the overall adult population (tobacco smoking), many others have shown little change or have increased (overweight, obesity, diabetes, hypertension, and hypercholesterolemia). 6, 7 It is important to understand whether these risk factor patterns are similar among those experiencing an acute stroke. To identify whether previous trends in stroke hospitalization rates and the patterns of associated risk factors have continued, we examined the hospitalization rates for acute stroke by stroke type along with the prevalence of associated risk factors by sex and age group among younger adults (aged 18 to 64 years).
Methods

Data Sources and Study Sample
The National Inpatient Sample (NIS) 8 434 .91, and 436). For each hospitalization, only the principal diagnosis code was used to identify events, which were then assigned to 1 of 3 mutually exclusive categories: subarachnoid hemorrhage (SAH), intracerebral hemorrhage (ICH), and AIS.
The ICD-9-CM code 436 was included in ischemic stroke as recommended by HCUP when doing trend over time analysis across the time as coding instructions changed for this code. The use of this code underwent a change in fiscal year 2005, where coders were instructed to use code 434.91 rather than 436.
Statistical Methods
The unit of analysis was hospital discharge. In this analysis, hospital discharge records were included if the patient was 18 years or older at the time of the hospital admission. We combined NIS annual data to create 5 consecutive 2-year periods from 2003-2004 through 2011-2012. Four age groups were defined: 18 to 34 years, 35 to 44 years, 45 to 54 years, and 55 to 64 years. Separate stroke hospitalization rates for men and women were estimated for each stroke type and age group. Risk factor prevalence was estimated using secondary ICD-9-CM codes, taking into account changes in ICD-9-CM coding over time (eTable 1 in the Supplement). Common risk factors for stroke in this population were assessed for linear trends using orthogonal polynomial contrasts. We also looked at the combination of the following 5 traditional cardiovascular risk factors related to the stroke: hypertension, diabetes, lipid disorders, obesity, and tobacco use, which were identified as none, 1 to 2 risk factors, or 3 to 5 risk factors to address the burden of multiple stroke risk factors. Linear trends were not reported if the data were too sparse to report based on HCUP reporting guidelines. Further, trends in stroke hospitalizations for those aged 18 to 34, 35 to 44, 45 to 54, and 55 to 64 years by sex from 1995 to 2012 were assessed across 5 periods by using linear regression models.
National estimates were obtained by using individual discharge sampling weights. As a result of changes implemented in the redesign of 2012 NIS data, we used trend weights developed by the Agency for Healthcare Research and Quality to make estimates comparable for data prior to 2012. All statistical analyses were conducted using SAS version 9.3-callable SUDAAN (Research Triangle Institute) to account for the multistage, disproportionate stratified sampling design.
Results
Among acute ischemic stroke hospitalizations, rates increased from 2003-2004 through 2011-2012 for all race/ ethnic groups; men; and women in age groups 18 to 34, 35 to 44, and 45 to 54 years, except among non-Hispanic black individuals and other race groups for ages 18 to 34 years. Among those aged 55 to 64 years, only Hispanic individuals showed a significant increase in AIS hospitalization rates (from 181.8/ 10 000 to 199.7/10 000; P = .02), but there was no change in stroke hospitalization rates in this age group by sex or among other non-Hispanic race groups ( Table 1) .
The hospitalization rate for men aged 18 to 34 years increased from 11.2 to 18.0 per 10 000 hospitalizations; for women aged 18 to 34 years, it increased from 3.8 to 5.8 per 10 000 hospitalizations; for men aged 35 to 44 years, it increased from 37.7 to 68.2 per 10 000 hospitalizations; and for women aged 35 to 44, it increased from 24.8 to 35.8 per 10 000 hospitalizations from 1995-1996 through 2011-2012 (relative percentage increases were 74.8%, 65.7%, 91.0%, and 53.6%, respectively) (eFigure and eTable 2 in the Supplement). Table 2 shows the prevalence of stroke-related risk factors among adults admitted for AIS by age and sex. Across all age groups and both sexes, increasing prevalence was seen in hypertension, lipid disorders, diabetes, tobacco use, obesity, and among multiple risk factors. The prevalence of 3 or more traditional risk factors (hypertension, diabetes, lipid disorders, obesity, and tobacco use) roughly doubled among all age groups for both men and women, while the prevalence of none of these risk factors decreased. Notably, during the study period of [2003] [2004] significant increases in the prevalence of atrial fibrillation among the older 2 age groups for both men and women. Among those with AIS, the prevalence of ischemic heart disease declined among men aged 45 to 54 and 55 to 64 years, yet increased among women aged 18 to 34 years. There were no changes among the other sex/age groups ( Table 2 ). There were no changes in ICH hospitalization rates by age, race/ethnicity, or sex from 2003-2004 through 2011-2012 (Table 3) . However, men had significantly higher hospitalization rates than women among all age groups. The relative difference between men and women decreased with increasing age group.
Among those with ICH, the prevalence of hypertension among men in 2011-2012 was 44.1% (aged 18-34 years), 73.8% (aged 35-44 years), and 81.4% (aged 45-54 and 55-64 years), and the prevalence of hypertension among men aged 18 to 34 and 35 to 44 years with ICH was higher than the prevalence among their counterparts with AIS. Rates of hypertension among women with ICH were comparable with those with AIS ( Table 2 and Table 4 ). Tobacco use increased among all male age groups and among women aged 18 to 34, 45 to 54, and 55 to 64 years. There was a significant trend toward increasing prevalence of having multiple stroke risk factors among men and women across all age groups among those hospitalized for ICH (Table 4) .
From 2003-2004 through 2011-2012, hospitalization rates for SAH declined among all age groups, but significantly only among men aged 45 to 54 years (13.2/10 000 to 10.3/10 000; P = .01), non-Hispanic white individuals (14.5/10 000 to 11.9/ 10 000; P = .045), and non-Hispanic black individuals (15.8/ 10 000 to 11.5/10 000; P = .006). Rates of SAH among Hispanic individuals aged 45 to 54 and 55 to 64 years were significantly higher compared with non-Hispanic white and non-Hispanic black individuals. The hospitalization rate for men aged 18 to 35 years were 3 times the rate of women, but women had significantly higher hospitalization rates for SAH among those aged 45 to 54 and 55 to 64 years (Table 3) .
Significant increases in the prevalence of stroke risk factors were seen among hospitalizations for SAH across all age groups of men for hypertension, obesity, and tobacco use and Abbreviations: AFib, atrial fibrillation; HTN, hypertension; IHD, ischemic heart disease; LD, lipid disorder. a P < .01 for trend.
b P < .001 for trend.
c P < .05 for trend.
for lipid disorders and diabetes among men aged 35 to 44, 45 to 54, and 55 to 64 years. Among women with acute SAH hospitalizations, the prevalence of hypertension increased among all age groups, and the prevalence of diabetes, obesity, and lipid disorders increased among age groups 35 to 44, 45 to 54, and 55 to 64 years. Women aged 45 to 54 years had an increased prevalence of alcohol abuse and tobacco use. The presence of multiple risk factors (inclusive of hypertension, diabetes, lipid disorders, obesity, and tobacco use) shifted toward a greater number of risk factors among both men and women across all age groups (Table 5) . For most age groups and stroke types, there were trends of decreasing in-hospital death and increasing trends of transfer to skilled nursing units/rehabilitation facilities/long-term care facilities (eTable 3, eTable 4, and eTable 5 in the Supplement). While this data set lacks important socioeconomic data, we found that among all age groups and stroke types, between 56% and 60% of stroke hospitalizations occurred among the lower 50th percentile of median household income of the patients' zip code, with no change over time.
Overall 
Discussion
The major findings in this study are as follows: first, AIS hospitalization rates increased for both men and women and for certain race/ethnic groups among younger adults aged 18 to 54, and they have almost doubled for men aged 18 to 34 and 35 to 44 years since 1995-1996, while rates for men and women a Not reportable based on the estimates with a relative SE greater than 0.30.
b P value for trend < .05.
c P value for trend < .001.
d P value for trend < .01.
parison with European studies on stroke in young adults, we found similar rates of lipid disorders, atrial fibrillation, and tobacco use, but much higher rates of hypertension, diabetes, and ischemic heart disease. 14 We found a lower prevalence of obesity than other traditional risk factors and yet obesity has been identified as a major risk factor for stroke in young adults. [15] [16] [17] This could be due to underreporting in an administrative data set. The shift to an increasing number of multiple traditional risk factors for stroke and the extremely high and increasing prevalence of hypertension among those hospitalized with all stroke types is of particular concern, as the hypertension control rate among men aged 18 to 39 years is only 27.9%. 18 One in 3 acute stroke hospitalizations for all stroke, AIS, and ICH occurs among those aged 18 to 64 years, while 60% of SAH hospitalizations occur among adults aged 18 to 64 years, when adults are in their prime years for productive careers and busy family lives. 19 Most age, race/ethnic, and sex groups had nonsignificant decreasing trends in hospitalization rates for SAH, with only modest, although significant, decreases among men aged 45 to 54 years. Hypertension, tobacco use, and alcohol use are among the most important risk factors for SAH. 20 We saw significant increases in hypertension, tobacco use, and drug abuse only among men and women aged 55 to 64 years and among women aged 45 to 54 years, but no significant increase in alcohol abuse among those with SAH. With increasing prevalence of key risk factors for SAH, the trend toward stable or decreasing hospitalizations for SAH are difficult to explain. There are improved diagnostic modalities for other cerebral conditions that could be leading to increased incidental findings of aneurysms from imaging for other reasons. Management and prophylactic treatment prior to rupture when indicated could in part explain decreases in hospitalizations for SAH. 21 Nearly 40% of ICH hospitalizations occur in those aged 18 to 64 years. 19 Because intracerebral hemorrhage can result in significant morbidity and mortality, the relatively high prevalence of unhealthy lifestyle behaviors among men aged 18 to 34 years (drug abuse: 14.3%; tobacco use: 25.8%; and hypertension: 44.1% among men and 28.1% among women aged 18-34 years), suggests that many of these strokes are likely preventable, although we are not able to determine the cause of a Not reportable based on the estimates with a relative SE greater than 0.30.
b P value for trend <.001.
c P value for trend <.01.
d P value for trend <.05.
stroke in this study. The findings that Hispanic and nonHispanic black individuals have ICH hospitalization rates 1.5 to 2 times the rates for white individuals is not inconsistent with the findings from Walsh et al, 22 which found an increased risk for ICH among Hispanic and non-Hispanic black individuals with treated or untreated hypertension among younger age groups compared with white individuals. They concluded that untreated hypertension confers a greater ICH risk in black and Hispanic relative to white individuals. These findings of increasing AIS hospitalization rates among those aged 18 to 54 years and no change among those aged 55 to 64 years reveals an inflection point in stroke hospitalization rates when compared with findings of decreasing AIS hospitalization rates among those aged 65 to 74 and 75 to 84 years, and a nonsignificant decline among those 85 years and older. 23, 24 We identified no change in the hospitalization rate for ICH among those aged 18 to 64 years, while others have seen decreasing rates among those with ICH aged 65 to 74, 75 to 84, and 85 years and older. 23 It is possible that these findings represent better hypertension control over time among elderly people compared with younger adults. We only noted a decrease in SAH hospitalization rates among those aged 45 to 54 years, while others also noted no change in rates among the 3 oldest age groups.
23
Strengths and Limitations
This study has several strengths in that the data are nationally representative of hospitalizations in the United States and provide the ability to report trends over time. The reported comorbidities and risk factors were documented in the medical record using ICD-9-CM codes. However, there are some limitations. First, a person who experiences more than 1 hospitalization for an acute stroke during a 2-year analytic period would be represented for each acute stroke hospitalization event. Second, while one can identify the prevalence of multiple comorbidities, we are unable to characterize stroke severity nor the cause of the stroke. Third, while we cannot rule out any influence of increased use of advanced imaging over time, Kissela et al 3 found high rates of the use of computed tomography (87%) and magnetic resonance imaging (60%-70%) among younger adults by 2005, and the impact of magnetic resonance imaging findings does not appear to influence stroke incidence, 5 making it unlikely that the trends in stroke hospitalizations among younger adults are due solely to increased imaging and hence increased detection. Finally, we are unable to account for several important risk factors such as family history or the use of estrogen-based medications.
Conclusions
The young adult population is experiencing an increase in a serious yet largely preventable disease. We note the trend of increasing AIS among Hispanic individuals (a small but relative increase of 41% among those aged 18-34 years) of all age groups as a particularly important demographic to assure access to adequate stroke prevention. 
